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Neutral scalar field
In this subsection, we formulate the quantization of a free neutral scalar field with the finite momentum space. We start with the Lagrangian density Here, we have (p) 2 ≡ (p 1 ) 2 + (p 2 ) 2 + (p 3 ) 2 . Note that in the limit K → ∞, the dispersion relation (1 . 4) reduces to the conventional one. In addition, it is worth mentioning that there is a difference between the phase velocity and the group velocity, which are defined as follows:
The canonical momentum conjugate to ϕ p is given by π p (t) =φ p (t), and thus the canonical commutation relation is
(1 . 7)
In order to quantize this system, we put it in a box of volume V = L 3 , where L is the size of the box, and impose periodic boundary conditions. The neutral scalar field in coordinate space, ϕ(x 1 , x 2 , x 3 , t), is expanded as
where
From (1 . 7), the commutation relations among the fields c lmn are
(1 . 10)
In this case, the Einstein relation between mass and energy is revised as
(1 . 11)
The total field energy of the system in the box with V = L 3 is
The constant term on the right-hand side of Eq. (1 . 12) corresponds to the zero point energy of the field, which is finite after the summation over l, m and n. This should be compared to the ordinary case, in which the zero point energy diverges.
It is important to note that the zero point energy has physical meaning, as it has been experimentally observed as the Casimir effect. We discuss this point below, in connection to the mean energy density of our universe.
In the continuum limit (L → ∞), we make the following replacement:
2π) 3 dp 1 dp 2 dp 3 
+
(1 . 13)
Thus the zero point energy density in our new finite momentum space is explicitly written 1 (2π) 3 dp 1 dp 2 dp 3 
(1 . 14)
This differs significantly from that in the conventional one, i.e., 1 (2π) 3 dp 1 dp 2 dp
In the massless case (m = 0), the above equation is easily solved, and we have 1 (2π) 3 dp 1 dp 2 dp 3
In the massive case (m = 0), the integral can be written in terms of the elliptic functions
(1 . 17) where the elliptic functions E(φ, k) and F (φ, k) are
The Fourier expansion of the scaler field in the continuum limit is defined by
Here we have
The creation and annihilation operators a and a † satisfy the following commutation relations:
Then the commutation relation between scalar fields at different spacetime coordinates is given by
The equal time commutation relation is obtained from Eq. (1 . 24) as
where r = | x| and
(1 . 26)
In the limit K → +∞, we have
and consequently
As is well known, the time-ordered two-point function of the scalar field D F (x) is given by
As mentioned in Part I, unlike in the conventional case, the zero point energy of quantized fields of elementary particles in our case does not possess an ultraviolet divergence it should be included in energy counting. This gives a clear solution to the dark matter/energy problem, which arises in the conventional case when we attempt to explain the mean energy density of the universe. In our case, dark matter or dark energy is meaningless, and requires model building and an elaborate fine tuning of the parameters involved in the relevant theory (softly broken SUSY).
Complex scalar field
A complex scalar field φ( x, t) can be quantized similarly to the neutral scalar field considered above. The Fourier expansion of the field is
Then the Hamiltonian of the free complex field is written
(1 . 33)
Yukawa interaction between charged and neutral scalar mesons
It is instructive here to consider the Yukawa interaction between neutral and complex scalar fields of mass m and the M , whose Hamiltonian density can be written 
Using this interaction, we can compute the second-order S-matrix element for the complex scalar meson as follows:
Then, because we have
there are four poles in the complex k 0 -plane:
Performing the integration in the lower half plane in the clockwise direction, we obtain
Particularly, for the case of m = 0, we have
Taking K → ∞, or equivalently, κ → 1, the function I becomes logarithmically divergent because of the following property of F ( π 2 , κ):
This behavior in the K → ∞ limit reduces to the result obtained in the conventional scalar theory. Thus the second-order mass correction to the charged scalar meson is given by
(1 . 43)
Dirac field
A Dirac field in our new formalism is quantized in a similar way. In the RF-CBR, the Dirac equation is written
Here α i and β are the Dirac matrices. The commutation relations among A i and β are given by
We can write down the Dirac equation in a "covariant" way using the gamma matrices, which are defined as
Then the Dirac equation can be rewritten as
Quantization of the Dirac field is straightforward. Its Fourier expansion is given by 
(1 . 50)
Electromagnetic field
Finally, let us discuss the quantization of the electromagnetic field. The quantized electromagnetic field A µ (p) in our formalism can be expressed as
where e is the electric charge and j ν is the electromagnetic current. The gauge transformation is defined using the transformation function Λ(p):
In vacuo (j µ = 0), the electromagnetic field can be expanded as
where the creation and annihilation operators a and a † and the polarization vectors
i.e., in general, we have k µ e µ ( k, λ) = 0 and e µ ( k, λ)e µ ( k, λ ) = δ λλ .
Important remarks
Our theory is simple, elegant and rational. This means that our theory (formalism) -Law of Nature-is in accord with all experimental observations and existing (supposedly) "good" theories or straightforward and minimal extensions thereof.
We have used the "correspondence principle". The p-representation of the conventional QFT is extended in such a manner to be consistent with our idea of a closed Riemannian momentum space in a minimal way. Whereas the time t, Weyl's cosmic time, common to our universe and the physics laws valid in our universe. Therefore, now, in this third version of our QFT, it is easy to see that all well-known techniques developed by Feynman, Schwinger, Dyson and Wick (for the usual QFD) can be used in our QFT too. Perturbative S-matrix elements and the Feynman propagator are easily obtained from the conventional ones, e.g., it is sufficient to make the replacements in Feynman propagators for scalar boson of mass m, and so on.
In the following papers, we greatly simplify the description of our QFT.
